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IV 
Abstract 
    Gabion is a wire mesh cage or basket filled with stones, They can be manufactured in 
welded mesh or woven wire.  Gabions are used in many situations including the 
stabilization of earth movement and erosion, river control, reservoirs, canals refurbishment, 
landscaping and retaining walls.  
    The main aim of this research was to investigate the behavior of gabion  structure 
through the development of finite element  model of gabion using COMSOL program. 
    The construction of model stages were started with develop numerical model to simulate 
the behavior (deformation , strain and stress) of single gabion box (20×20×20 )cm, and 
Compare the result obtained from the model with testing result of the compression tests 
performed in the laboratory.  
    The second stage included the development of a numerical model to simulate the 
behavior (deformation, strain ,and stress) of a single gabion box model for existing gabion 
structure using the gabion box (120×45×45)cm. 
    Finally, a study the mechanical behavior of  large scale model of existing gabion 
structure using the gabion box (120×45×45)cm was made and deformation results were 
compared with these obtained from with the actual structure .  
    The result of numerical analysis of model was seen that the results obtained from 
COMSOL and Physical model have been according reality within the specific range with 
some of different value including stresses, deformation and strain, this difference was 
discussed to reach the reason of this variation .  
    Generally , in the small box model  (20×20×20)cm the deformation was record within 
range (4.0 to 53.081 mm) , and in box (120×45×45)cm the deformation was record within 
range ( 4  to 11.011mm) , but in the wall model the deformation was record within range (0 
to 0.1 mm)  
    The studies as a whole are expected to contribute substantially to understand the actual 
behavior of gabion structure systems with particular reference to efficiency and stability of 
it. 
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 ملخص البحث
 سخخذً،  ي ٍصْ٘ع ٍِ اىشبل ٗالأسلاك باىحداسةَي٘ء ٍأٗ ٕينو ٍؼذّي  قفص ٕ٘ ػباسة ػِ )noibaGاىدابيُ٘ (    
اىخحنٌ ٗاىسيطشة  خآمو،، ٍقاٍٗت اىالأسض حشمتفي  سخقشاسمخحقيق الا اىَدالاث ٍِ مثيش في )noibaGاىدابيُ٘ (
 . الاسخْاديت ٗاىدذساُ٘اث, في اىَْاظش اىطبيؼيت اىقْ ٗحشٍيٌ ٗاىخزاّاث لأّٖاسػيى ا
) ٍِ خلاه اػذاد ٗحط٘يش َّ٘رج بشٍدي باسخخذاً noibaGىدابيُ٘ (دساست سي٘ك ا اىٖذف اىشئيسي ىٖزا اىبحث ٕ٘
 . LOSMOCبشّاٍح 
 ظغط، حذسخج ػَييت اّشاء اىَْارج اىبشٍديت في ػذة ٍشاحو، حيث بذأث اىَشحيت الأٗىى بذساست سي٘ك (حش٘ٓ،    
أٍا اىَشحيت اىثاّيت حعَْج سٌ ، ٍٗقاسّت ّخائدٔ ٍغ حدشبت ػَييت أخشيج في اىَخخبش، 02( ×02×02اخٖاد) ىَْ٘رج (
حٌ دساست سي٘ك (حش٘ٓ، ) سٌ اىَنُ٘ ىيَْشؤة، ٗأخيشا 54×54×021دساست سي٘ك (حش٘ٓ، ظغط، اخٖاد) ىَْ٘رج (
ٍٗقاسّت اىْخائح ٍغ اىسي٘ك اىفؼيي ػيى  ) سٌ54×54×021(ظغط، اخٖاد) ىحائط ماٍو حٌ بْاءٓ ٍِ صْاديق بؤبؼاد 
 أسض اى٘اقغ .
بخ٘افق ٕزٓ اىْخائح ٍغ  LOSMOC خحييييت ىيَْارج اىسابقت اىخي حٌ اىحص٘ه ػييٖا ٍِ بشّاٍح أظٖشث اىْخائح اى    
بغط اىْظش ػِ بؼط الاخخلافاث في ٍ٘اظغ ٍؼيْت حٌ اىخؼييق ػييٖا  اىْخائح اىحقيقت ىْفس اىَْارج في اىَخخبش اٗ اىَ٘قغ
 .الاخخلاف ٕزا سبب إىى ىي٘ص٘هٗحفسيشٕا  
ٍيٌ ، أٍا في   534.81[ -  ]4.0) سٌ  ماُ ٍقذاس اىخش٘ٓ  ظَِ اىفخشة 02×02×02بشنو ػاً، في اىَْ٘رج الأٗه (    
ٍيٌ ، ٗأخيشاً ٍقذاس اىخش٘ٓ في َّ٘رج   110.11[-  ]0) سٌ ماُ ٍقذاس اىخش٘ٓ قذ حشاٗذ 54×54×021اىَْ٘رج اىثاّي (
 ٍيٌ . 1.0[-  ]0اىحائط حشاٗذ ٍِ
 اىبْاء باسخخذاً لأّظَت اىفؼيي اىسي٘ك فٌٖ في مبيش حذ إىىاىذساست  ٕزٓ حسٌٖ أُ اىَخ٘قغ ٍِاىذساست فأّ  ّخيدت ىٖزٓ    
 مفاءحٖا ٗاسخقشاسٕا . إىى خاصت إشاسة في ( noibagاىدابيُ٘ ( 
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1.1 Background  
    A gabion is a wire mesh cage or basket filled with stones.(Freeman and Fischenich, 
2000). Gabions are useful in construction works, for example to protect earth embankments 
of line channels, to manage or divert river or stream flow and to protect river banks or 
coastlines. On the other hand we can used the gabion structure in retaining wall and 
strength of slope, to keep the soil from the devastating effects, although in the modern, 
people used the gabion in tourist areas by made various shape of buildings. 
    As we knowing , the previous study showed and discussed a several approach on gabion, 
such as uniaxial compression test of single gabion unit,  the stability of gabion slope in 
water and study the effect of a localized impact on a wall made of soil reinforced with 
Geocells etc.  
    There are many of advantages associated with using gabion walls, including a Flexibility, 
Permeability,  Durability, Environmental friendliness, Beautiful  ,Cost-effectiveness and  
Easy to install. 
    In this study, gabion structure was modeled using the COMSOL program  to proposed a 
numerical procedure to simulate the structure behaviors of the of single gabion. The 
validity of the numerical procedures is verified by the comparison of the results with the 
experimental obtained results of deformation, stresses, stain and total displacement. 
1.2 Problem statement / development of research rationale  
    The gabion structure used in the other countries because it has a several approach to used 
it.  But in our country, the gabion structure is uncommon type of structure. Because there is 
a lot of the remnants of war from the destroyed houses in the Gaza Strip so  a step to go 
ahead towards applying and utilizing this type of construction was made in this study. 
1.3 Scope of study  
    The scope of this research limited in Modeling of gabion box to simulate existing gabion 
structure at university of Palestine and measure the strength of these models, The structural 
modeling is a tool to establish gabion structure modeling and consists of  :  
1. Structural members or components (Mesh). 
2. Filler material (brick). 
Chapter1. Introduction  
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3. Steel bars. 
    The previous component are used as structural elements and this study summarizes the 
guidelines and principles for structural analysis and modeling used for wire mish boxes in 
gabion structures. 
1.4 Research aim and objective  
1.4.1 The aim  
    The main aim of this study is to investigate the use of gabion as structural element in 
engineering practices by studying their strength and behavior through numerical modeling.  
1.4.2 The objective  
1- Develop numerical model to simulate the behavior (deformation, strain and stress) 
of single gabion box (20×20×20)cm, and Compare the result obtained from the 
model with testing result of the compression tests performed in the laboratory.  
2- Develop a numerical model to simulate the behavior (deformation, strain, and 
stress) of a single gabion box model for existing gabion structure using the gabion 
box (120×45×45)cm. 
3- Study the mechanical behavior of large scale model for existing gabion structure 
using the gabion box (120×45×45)cm and compare the result deformation obtained 
with the actual structure.              
1.5 Brief research methodology  
    The following research methodology was a developed to achieve the proposed aim and 
objectives as following: 
1.5.1 Filed survey  
    In this stage many filed visits were conducted to investigate the gabion structure 
constructed in university of Palestine. This visits were to gather a technical about the 
facility. 
1- Wire mesh boxes dimension. 
2- Type of the external mesh that covering the boxes. 
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3- Note and record the measurements and the behaviors of the facility that established 
in the university and identify mainly deformation. 
1.5.2 Selection of software  
    The selection of analytical program is the important step in the study and choose this 
software due to it is widely used. 
COMSOL Multiphysics is a general-purpose software platform, based on advanced 
numerical methods, for modeling and simulating physics-based problems. With COMSOL 
Multiphysics, you will be able to account for coupled or multiphysics phenomena, so The 
COMSOL program was adopted in this study. 
1.5.3 Simulation and modeling  
    This stage presented the process of developing the model and analytical studying using 
the software program (COMSOL). This model was developed based on technical 
information obtained from other sources, whether  from Previous researches or from the  
existing facility  in UP. 
1.5.3.1 Dimension of boxes  
The dimensions of boxes were adopted according to existing facility which consist of 
several boxes with  dimension of (120×45×45) and (20×20×20)cm. The first one is 
used to build up the model of gabion structure and the second one was adopted to 
comparing the result  with the another study applied on the box.  
1.5.3.2 Characteristics of the component in the models  
The wire mesh box consist of two component , the external component is the (mesh), 
it’s the cover of box to inclose the filling material. The internal component is the (filling 
material) which filled in the wire mesh box. The following the Characteristics of the 
component in the models were defined and modified according to the case needed: 
 Density (ρ) 
 Poisson Ratio (n) 
 Young's Modulus (E)  
Chapter1. Introduction  
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1.5.3.3 Result and discussion  
In this stage the result of this study were obtained. This included total stresses 
modules, displacement and strain of gabion box and structure. This has taken in 
account the behavior of wire mesh and infilling material. The result were validated 
through comparing it with experimental and actual data. 
1.6 Research content  
     This research was divided into six chapters, as follow: 
Chapter (1): Introduction 
     This chapter presents a briefly introduction which highlights the concept of research. 
In addition, statement of problem, scope of study, aim, objectives and brief research 
methodology.  
Chapter (2): Literature Review  
    Brief introduction related to history of gabion, classification of gabion, application, 
advantages and disadvantages was included in this chapter. 
Chapter (3): Methodology  
    This chapter explained the methods used in the analysis established by the examples 
mentioned in it, use the software methodology shows the boxes (20×20×20), 
(120×45×45)cm and the wall of the facility and objectives of the analysis. 
Chapter (4): COMSOL  program  
    This chapter provides an overview of the contents of the COMSOL installation and 
operations guide and some general tips for installing and running the COMSOL 
software standalone to best utilize the available computer resources. 
Chapter (5): Analysis of Results  
    The achieved results of program and laboratory work were illustrated in this chapter 
through three model were presented, firstly we will presented the result of model 
include box 20×20×20 cm, then we show the result of model of box 120×45×45 cm, 
and finally we going to examine and discus the result and behavior of the wall of 
gabion as in methodology chapter. 
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Chapter )6): Conclusions and Recommendations  
         Conclusion derived from experimental results are presented, moreover the 
recommendations for the present study and other further studies are also provided in this 
chapter. 
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2.1 Background 
    Gabion walls have been a civil engineer’s building element for many years, and they are 
cellular structures, rectangular cages made of zinc-coated steel wire mesh and filled with 
stone of appropriate size and necessary mechanical characteristics, Individual units are 
stacked, paired, and tied to each other with zinc-coated wire (or fasteners) to form the 
continuum (Jing, 1979).  
    The gabion most common being for landscaping or gardening purposes. Retaining walls 
and decorative dividing walls can create dimension and boundaries to a yard or garden, 
Furthermore, It is used in wind protection and aiding in the creation of microclimates on the 
western face of such walls. Microclimates can enable the planting of warmth-loving plants 
in cooler climates due to the heat sink that the western wall face can create. 
    However, this system has proven to be susceptible to moisture, making adobe a poor 
choice in the search for a system with greater longevity through rainy seasons (Chen, 
2009). Gabion walls also present an initial investment for materials like wire mesh, but 
have the capacity to last through multiple rainy seasons with minimal repairs, ideally. 
    Another  function of Gabion wall is for erosion control and water management, Gabions 
can be used to fortify eroding banks, driveway edges, and hillsides by holding the earth 
back but still allowing the water to pass through the structure. For those with livestock 
ponds, gabions can serve as a water diffuser in the spillway or at the base of the dam to 
keep churning water from eroding the base of the beam or dam wall (Mooney, 2015).  
    Additionally, Gabion can also be effective for those in dry climates by slowing seasonal 
flood waters within dry creeks. The eventual build up of silt behind the gabion will not only 
harvest moisture for surrounding vegetation but also aid in creating good game habitat as 
well as additional forage for homestead livestock. In addition these walls can provide is that 
of security. (Mooney, 2015) Those of us who have ever lived near a moderate-sized road 
know the danger of an out-of-control vehicle .  
    In this chapter, a brief history of Gabion, classification of Gabion, application is 
described. In addition, advantage and disadvantages is illustrated for each type. 
Furthermore, analysis strategies are discussed through recent studies that used gabion 
structure and some modeling techniques are presented.  
 
Chapter2. Literature review  
 
 
9 
2.2 History of gabion  
    Though currently used primarily in the construction industry throughout the world, the 
gabion has been around for centuries. The word ―gabion‖ was derived from the Italian word 
gabbioni, meaning ―big cage‖. Originally invented by Leonardo da Vinci, the gabion was 
created as a support system for the castle San Marco in Milan (Felix and Germain, 1996). 
    The earliest use of gabion type structures was for bank protection along the River Nile, 
approximately 7000 years ago. Since then gabion baskets have evolved from woven reed 
baskets, which were often used for military applications, to engineered containers made 
from a variety of wire mesh. During the American civil war gabion baskets were used as 
military fortifications. They were manufactured from willow in a cylindrical form and were 
stood on end and filled with sand. These baskets were extremely strong and were able to 
protect soldiers from musket and cannon fire.  Alternatively, the baskets were filled with 
wool and straw, set alight and rolled down slopes into advancing troops .The first major 
steel wire gabion structure was built using the sausage (sack) type gabion in 1893, to repair 
erosion damage on the river Reno at Casalecchio di Reno in Northern Italy. Modern box 
gabions, rectangular in shape, were developed in the early 1900's proved to be more useful 
for soil erosion control and river rehabilitation works. (Yuanxi, 2009). 
    Beginning in the 16th century, engineers in Europe used wicker baskets - Italian gabbioni 
-filled with soil to fortify military emplacements and reinforce river banks. Today, the same 
simple technology - now known as ―gabions‖ - is used as the building blocks of low-cost, 
long-lasting hydraulic structures in developing and developed countries.  
    Currently, the gabion wall is most commonly used in civil engineering applications, as it 
currently applies mostly to traffic areas and waterways. The gabion wall unit is used mostly 
for shore stabilization against erosion. Other uses include retaining walls, temporary 
floodwalls, silt filtering, semi-permanent dams, or even a fish barrier. Gabion walls can 
become more efficient with time when used as retaining  structures. This happens because 
silt and vegetation can fill the voids between the rocks, sometimes creating higher strength 
and better retaining effectiveness (Shevchenko, 1996).  
2.3 Classification of gabion  
    Freeman and Fischenich (2000) distribute  Gabions come in three basic forms, the gabion 
basket, gabion mattress, and sack gabion. All three types consist of wire mesh baskets filled 
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with cobble or small boulder material. The fill normally consists of rock material but other  
materials such as bricks have been used to fill the baskets. The baskets are used to maintain 
stability and to protect stream banks and beds. The difference between a gabion basket and 
a gabion mattress is the thickness and the aerial extent of the basket. Gabion can be 
classification according to their shape, size, and coating materials.  
2.3.1  Classification by shape and size  
2.3.1.1  Gabion boxes  
     Rectangular design width and height, usually 1 m and a length of 4 m. For the strength 
of long box divided internally by transverse diaphragms. Gabion baskets are normally 
much thicker (about 1.5 to 3 ft) and cover a much smaller area. They are used to protect 
banks where mattresses are not adequate or are used to stabilize slopes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure ( 2.1 ): The design concept of gabion box (McIntyro et al., 1992). 
2.3.1.2 Reno Mattress  
    Rectangular design of large area and low altitude, usually from 17 to 50cm for the 
strength of long mattresses are also divided internally by transverse diaphragms.   
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Figure ( 2.2 ) : The design concept of mattress  (McIntyro et al., 1992). 
2.3.1.3 Gabion sack  
    A cylindrical structure, for the strength of long boxes are also divided internally by 
transverse diaphragms. Mainly used for emergency and river and stream training works 
where local conditions require fast installation or the water does not allow easy access to 
the site .(Beekx Bsc, 2006) 
 
 
 
 
 
 
 
 
 
 
Figure ( 2.3 ) : The design concept of gabion sack  (Kiciman, 2015) 
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2.3.2  By type of coating applied  
    Gabion can also be classified according to the type of coating materials, this may 
include:  
 Coated with zinc. 
 Coated with zinc and polymer. 
 Coated with an alloy of zinc and aluminum and mish metal. 
 Coated with an alloy of zinc and aluminum and mish metal and polymer. 
2.4  Gabion application  
    Project to investigate out-of-plane gabion behavior for freestanding systems in seismic 
areas. A main goal of the project is to add the findings of this thesis to the data base of 
existing gabion research due to the lack of information currently available. A secondary 
intention of this thesis would be to have this idea further researched to find a potential low-
cost housing construction technique, especially for developing nations in need of such a 
construction option. The constructed model wall is a scaled version of what the actual wall 
should be dimensioned to. Concrete (or comparable) systems can be scaled to a minimum 
of 25% the original size (Zarnic et al., 2001) while maintaining accurate results. This limit 
is because of the restrictions in aggregate performance: after a certain size, the aggregate 
performance (and corresponding results) cannot accurately be compared to the larger scaled 
version. (Ransom, 2011) 
    Another study to evaluates the application of gabion boxes as artificial reef units by 
pressure measurement, which may be used for quantifying the forces on the reefs. Present 
study extends the application of gabions from scour protection to wave attenuation by 
offshore wave attenuation. Unlike conventional measures of shore protection like seawall, 
bulkhead, revetments, groynes, which are present on the shore, artificial reefs are 
submerged and off the shore. The advantage of such offshore reef is that, the wave breaking 
will take place off-the shore and hence significant amount of wave attenuation will take 
place by over topping and wave breaking . The attenuated wave reaching the coast will 
have less energy, which prevents coastal erosion. Further, on a long run may also cause 
accretion (beach formation) on the shore. The artificial reefs are often described as soft 
measures of coastal protection as they have very less environmental impact compared to 
conventional hard measures like sea wall, bulk head, groynes (Srineash and Murali, 2015). 
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Artificial reefs made of gabion boxes were also studied as a potential to improve marine 
life. Artificial reefs are often combined with surfing, coastal protection and habitat 
formation.  Hence they are called multipurpose reefs, one such reef is built at Gold coast, 
Australia. 
    The stability of earth retaining structures in flood prone areas has become a serious 
problem in many countries. The two most basic causes of failure arising from flooding are 
scouring and erosion of the foundation of the superstructure. Hence, a number of structures 
like bridges employ scour-arresting devices, e.g. Gabions to acting on the piers and 
abutments during flooding. Research was there for undertaken to improve gabion resistance 
against lateral movement by means of an interlocking configuration instead of the 
conventional stack-and-pair system (Ramli and Dawod, 2013) This involved simulating 
lateral thrusts against two dimensionally identical retaining wall systems configured 
according to the rectangular and hexagonal gabion type. The evolution of deformation 
observed suggested that the interlocking design exhibits better structural integrity than the 
conventional box gabion-based wall in resisting lateral movement and therefore warrants 
consideration for use as an appropriate scour-arresting device for earth retaining structures. 
    Jayasree (2008) stated that  has been a long time since boxes made of hexagonal mesh 
fabric, known as gabions, have become an effective technical solution in the design, 
construction and maintenance of a variety of protective flexible structures Gabions, by 
virtue of their matchless strength, excellent engineering adaptability and reliability, have 
become the chosen building material for a tremendous variety of construction works. These 
include road construction, river training, weirs, control and training of natural and flood 
waters, earth retaining structures, water recharge dams, rock slide protection, soil erosion 
protection and bridge protection. An extensive literature survey was conducted to identify 
the research works conducted on gabions as follows: 
2.4.1  Bank protection  
    Gabions heavy enough by filling them with rubble stone, which allows the construction 
of gabions to retain soil without additional devices. Layer between the gabion and earth is 
geotextile. The geotextile and the backfill of sand can design breathe by passing the water 
(Beena, 2009) and it preventing the mixing of the layers of earth and creation of water 
pressure on the structure. Gabion is the best way to strengthen the bank collapses in the soil 
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and the need to increase the load on the coastal zone. In addition, construction of gabion 
will help you create an atmosphere of beauty and durability. Your bank after construction 
will take the form of the fundamental structures and create an atmosphere of eternity and 
inviolability. In addition, bank protection with gabion may execute at any time of year, 
even in winter (Aqua,1987). gabion products and solutions have been developed  
specifically for Stream Bank Protection Channel Lining, Scour Protection, Earth Retention 
and similar applications. Their use as an ideal solution for these applications has grown 
over the years due to the numerous advantages and ease of implementation both from the 
design and construction perspectives. The Natural Bio-Engineering Process of Gabion 
Structures and specific Bio-Engineering Construction Methods ensures that most all gabion 
structures will either naturally vegetate over time or can be vegetated immediately. 
 
 
 
 
 
 
 
 
 
 
 
Figure (2.4) : Gabion bank protection ( gabion1, 2010) 
2.4.2  Retaining walls of gabion  
    Retaining walls are always carried a significant function in keeping the soil from the 
devastating effects. Materials for ground use different props - wood, stone, concrete, metal, 
etc. However, one function - to keep the soil in a fixed position under load. Today, gabion 
structures have proven to be the most durable, environmentally friendly and easy way to 
consolidate the ground in a state of relative dormancy. Gabions are more durable with 
respect to similar structures made of concrete. In addition, due to the ability to filter water 
gabion structures and thus avoid pressure on the retaining wall. Over time, gabion retaining 
wall from growing into the soil and becomes part of it. Moreover, the time structure is not 
weakened, as is the case with concrete retaining walls, and is gaining strength. 
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    Retaining walls, temporary floodwalls, silt filtering, semi-permanent dams, or even a fish 
barrier. Gabion walls can become more efficient with time when used as retaining 
structures. This happens because silt and vegetation can fill the voids between the rocks, 
sometimes creating higher strength and better retaining effectiveness (Shevchenko, 1996). 
     Arg (1997) stated that highlighted two innovative technologies for stabilization of 
slopes. One was a reinforced gabion wall and the other was an anchored drum diaphragm 
wall implemented successfully in the Garhwal Himalaya during eighties to improve 
stability of slopes at comparatively lesser cost and time than conventional retaining walls. 
 
Figure (2.5) : Gabion retaining wall (concrib maximising land value, 2013) 
    Retaining wall of gabions - this building, retaining soil slopes, embankments and 
excavations from collapsing. Retaining walls of gabion keep the load from one side. Most 
often, retaining walls are used in areas with rapid changes in altitude. Raising the retaining 
walls of gabion structures, the following tasks:  
 Drainage, due to the porosity, the design is passed through a water. 
 Static pressure is maintained at the expense of flexibility of the entire structure. 
 Applicable in hard-to large-scale construction equipment, field. 
 To save floor space. 
2.4.3  Strength of the slope  
    Strengthening of the slopes may perform a variety of ways, but nowadays the most 
popular are the options for using the reno mattresses and geogrid, as well as all of the above 
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methods in conjunction with retaining walls of the gabion. Depending on the problem to be 
solved, our experts pick the best way to strengthen the slope, ensuring a solution to the 
problem. Gabions are not always able to meet the challenge. There are situations where 
enough merely divert water or to sow grass on the slope. Often the decision is made on the 
basis of geology and the specific piece of land. 
 
 
 
 
 
 
 
 
 
Figure(2.6) : Gabion strengthening of the slope (Maccaferri, 2013) 
2.4.4  Culverts head walls  
    Terra Aqua (1987)  Culverts, whether they are box culverts or pipe culverts, often require 
soil stabilization around the localized area of culvert placement, especially at the inlets and 
outlets. To stabilize soil conditions around culvert Inlets and Outlets gabion headwalls, 
wing walls, and scour aprons are often implemented. 
    Headwalls are designed to protect the slopes of an embankment against lateral scour as 
well as retain the embankment itself and to increase culvert efficiency by providing a flush 
inlet as opposed to a projecting one.  Gabion headwalls can be designed and constructed in 
a variety of configurations and typically include wing walls and scour aprons. The wing 
walls prevent scour, soil erosion, retain the embankment adjacent to the culvert, control 
grade elevations and direct water flow. The scour apron is placed at the base of the inlet our 
outlet and is designed specifically to prevent scour and erosion on the base.  
Chapter2. Literature review  
 
 
17 
 
 
Figure (2.7): Gabion culverts headwalls (Terra aqua Inc, 2013) 
2.4.5  Sluice trays  
    Sluice tray is designed to divert water from the plant and directly affects the continued 
operation of any facility. If your site already has a building of gabions, or you need to make 
culverts beautiful appearance, the culvert tray of gabions clearly fit into any design. In most 
cases, it is cheaper concrete, and always beautiful and environmentally friendly (Garg, 
1997). 
2.4.6  Drainage facilities  
    Drainage facilities is an important component of any construction. Water can nullify all 
the efforts, if not to put in the right direction in time. For the organization of drainage has 
plenty to offer, including the use of gabion structures. Gabions can be used for the 
construction of major drainage structures and drainage devices for slots and trays for small 
garden plots. In our region use of gabions and gabion structures over the past 10 years 
proved to be only on the positive side. They are used in construction (including drainage 
structures) on the railways, roads, water resources, housing, construction of energy 
facilities, the private sector, etc. 
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Figure (2.8) : Gabion Drainage facilities (Terra aqua Inc, 2013) 
2.4.7  Landscaping  
    Landscaping is no strict boundaries and patterns. It is possible to use any materials and 
methods, as long as your area look nice and pleasing to the eye. Gabions and gabion 
structures are suitable for this purpose the most. It is beautiful, durable, functional and 
stylish. Gabions can be constructed from decorative designs, retaining walls, patios, fences, 
pools, steps, piers and marinas, as well as many other forms and structures. Gabions give to 
all that are made, unique, fundamental and unlimited lifespan.  
 
 
 
 
 
 
 
 
Figure (2.9) : Gabion landscaping (Service Central, 2010) 
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2.4.8  Water conservancy 
    The development and control of the river-ways concerns the technology of laying 
protective layer, with permanent protective function, on sections. The stone gabion can 
control water flowing volume and protect water resource from running off in holding the 
neigh-boring water resource and protecting and controlling the zoology.   
 
 
 
 
 
 
 
 
 
 
    
Figure (2.10) : Gabion water conservancy  (Service Central, 2010) 
2.4.9  Bridge protection system  
    Gabions can be employed in a variety of ways to stabilize soil conditions around bridges, 
bridge piers and bridge abutment slopes. Generally the angle of the slope to be protected 
shall determine what structure type is best suited for each application. Slopes with an angle 
of 1on1 or steeper require standard Gabion retaining wall protection. Slopes with an angle 
of 1 on 1.5 or less may use a gabion or reno mattress slope protection.  
    Reno Mattress is a double twisted hexagonal woven galvanized steel wire mesh 
compartmented basket with a rectangular mattress shape. The compartment or cells of the 
reno mattress are of equal size and dimension and are formed by internal diaphragms being 
placed within the basket providing even distribution of the stone fill throughout the 
mattress even after structural movement. Even distribution of the stone fill ensures that the 
reno mattress maintains intimate contact with the foundation soil.  
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Figure (2.11) : Gabion bridge protection system (Service Central, 2010) 
2.4.10  Gabion for rock fall netting system  
    Terra Aqua (1987) concluded that High-Resistance Netting is ideally suited for difficult 
solutions to rock face problems, since the double-twist, hexagonal-woven mesh does not 
unravel when wires abrade. Fractured stones are trapped and confined against the slope 
should isolated wires fatigue from prolonged stress. Additionally, this double-twisted 
hexagonal type of netting has the high mechanical resistance required to prevent the danger 
of sudden rock shock loads and dissipate rock fall energy created from loose fractured rock. 
 
 
 
 
 
 
 
 
 
Figure (2.12) : Gabion for rockfall netting system  (Terra aqua Inc, 2013) 
        In     In times past, the danger represented by falling rocks and by rocky debris from slopes 
overhanging the road side was not given the requisite consideration. Land was not at the 
premium it is today since traffic volume and patterns have changed drastically. 
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    In recent years, however, the widening of existing roads and the opening of new roads 
and highways must accommodate modern transportation demands. For this reason we are 
faced with the problems of protecting the road side from rock slides in a safe and efficient 
manner.  
2.5  Advantages and Disadvantages  
 
    Gabions consist of a rectangular steel wire mesh basket, which when filled with small 
rocks, forms a section that can be placed into a man-made wall. Dozens of gabions can be 
locked together and stacked upon each other. Their function provides a barrier to retard and 
slow erosion processes caused by water or excessive seepage on steep or mild slopes. 
Gabions have several beneficial advantages to the environment, while they also produce 
some obvious drawbacks. 
    For the homestead, the gabion offers a great solution for those desiring the look and 
utility of stone but without having the tedious masonry involved. This is not to say that it’ll 
be easy. you’ll still be moving large amounts of rock, but at a much faster pace and without 
having to select and shape each stone for that perfect fit. Some fitting will be required, but 
nowhere near the same level of masonry as with a traditional stone structure. 
    A gabion wall can serve a variety of purposes on the homestead and can be relatively 
cheap to construct. No fancy tools are required in the construction of the wire basket and 
any type of stone, rock, or concrete chunks will suffice and provide many advantages over 
other forms of wall construction. Below are some of the key advantages of using gabions in 
construction and design. 
2.5.1   Advantage  
    It is important to keep in mind that the advantages will also depend on the condition of 
the site, the availability of materials and equipment, and the availability of manpower. 
    After completion, the gabion structures gain more strength, accumulating on the soil 
particles themselves and become part of the natural landscape. There are a number of 
advantages associated with the introduction of gabion walls, including: 
 Flexibility  
         Our structures are able to resist external loads without breaking. Gabion   structures 
absorb rainfall possible without destroying the soil structure itself. In unstable soils, as well 
as in areas of erosion that quality is especially important. (Beschta, 1981)  
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 Permeability   
         High permeability of gabion structures eliminates hydrostatic loads. Drainage and 
stability make them ideal for protecting slopes from erosion. (Freeman and Fischenich, 
2002) 
 Durability  
         The mesh material of the our design has a variable tensile load of 3,500 to 5,000kg. on 
absorption. meter. With this construction of the gabion can withstand any type of load. The 
effectiveness of gabion structures is not reduced, but increases with age, as occurs with 
time of sediment compaction of soil in the interstices of gabions and begin to grow 
vegetation on the surface. Thus, gabions become friendly nature of the building blocks. 
(Beschta, 1981) 
 Environmental friendliness  
         Due to the fact that the gabion structures shall not prevent the growth of vegetation and 
blend with the environment, they are natural building blocks for decorating the landscape. 
(Freeman and Fischenich, 2002) 
 Beautiful Shape 
         As the gabion structures are not only durable, but also aesthetic, try to fit them into the 
landscape, it can give the whole structure view of completeness and steadfastness. To do 
this, select the appropriate method for your landscaping. (Freeman and Fischenich, 2002) 
 Cost-effectiveness  
         Our designs are more economical than rigid or semi-rigid structure, as have the 
following advantages: low operating costs, the minimum amount of work on the 
preparation of base facilities, ease of construction does not require skilled labor for 
installation, no need for the unit cost of drainage systems, so as gabion structures are 
permeable. (Freeman and Fischenich, 2002) 
 Easy to install  
         To install the gabions do not require extensive preparatory work, and they installed 
quickly and easily. (Freeman and Fischenich, 2002). 
 
 Summary of advantages: (Freeman and Fischenich, 2002) 
1. Ease of handling and transportation 
2. Speed of construction 
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3. Flexibility (Gabions tolerate movement) 
4. Permeability to water (Good drainage) 
5. Gabions offer an easy-to-use method for decreasing water velocity and 
6. protecting slopes from erosion. 
2.5.2  Disadvantages  
     Gabions Despite the many advantages, but it's slams by some, because there are some 
disadvantages that have possible to mention the following : 
 Aesthetics  
    Gabion structures have suffered a reputation for being unsightly and unnatural in river, 
pond and beach settings. The front-facing walls appear bland and mechanical in design, 
rather than form natural-looking rock barriers. Large gabion walls constructed on tourist 
beaches serve as a distraction, where very thick and long walls must be used to protect 
large beach areas.(Gee, 2014) 
 Maintenance  
     If the rocks shift or become worn down inside the metal baskets as a result of heavy 
water and wave activity, the entire wall must be disassembled to reached the damaged area. 
For very tall gabion stacks, any damage to the lower areas requires the removal of the upper 
wall elevations, which can be costly and time-consuming.(Gee, 2014) 
 Wall Assembly and Cost  
     Although gabion walls offer a good economic choice for most applications, they remain 
more expensive to install than natural vegetated slopes or riprap. Gabion walls require 
heavy equipment to construct, since mechanical lifting is required to set heavy walls 
sections in place.(Gee, 2014) 
 Endurance  
     In instances of high velocity streams and wave interaction, gabion wall wire mesh 
baskets can abrade and tear open, spilling the rock fill.(Gee, 2014) 
 Inspection  
    Gabion walls must be inspected on a regular basis to insure their integrity. They must 
also be immediately inspected and evaluated after any storm, which has caused heavier than 
normal water flow.(Gee, 2014) 
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 Summary of Disadvantages: (Freeman and Fischenich, 2002) :  
1. Gabions are sometimes criticized as being unsightly. They can be made more  
attractive by use of attractive facing stone toward the front of the wall and by 
establishing vegetation in the spaces between the rocks. 
2. Low habitat value. 
3. Gabions are more expensive than either vegetated slopes or riprap. 
4. The wire baskets used for gabions may be subject to heavy wear and tear due to   wire 
abrasion by bed load movement in streams with high velocity flow. 
5. Difficult to install, requiring large equipment. 
 
2.6  Analytical studies  
2.6.1 Gravity walls 
    Greco (2001) showed that the wall stability against overturning can, however, be 
assessed using the position of the resultant force on the base, which is unaffected by the 
assumed thrust surface and contrary to overturning, safety factors against sliding and 
bearing capacity are unaffected by the assumed thrust surface. 
    presented approximate but analytical - based solutions for computing the lateral force 
and centroid location induced by horizontal and vertical surcharge surface loads resting on 
a cross-anisotropic backfill. The surcharge loading types include: point load, finite line 
load, and union rectangular area load. Wang (2007). The planes of cross-anisotropy were 
assumed to be parallel to the ground surface of the backfill. The results showed that both 
the lateral force and centroid location in a cross-anisotropic backfill were quite different 
from those in an isotropic one. 
2.6.2 Reinforced earth walls 
    Successfully demonstrated the application of a generalized approach to the estimation of 
the lower bound bearing capacity of reinforced soil retaining walls by using the finite 
element technique in conjunction with non linear programming to isolate the optimal 
solution. 
    Singh and Basudhar (1993) conducted The analysis was based on a rigid plastic model 
for reinforced soil, treating it as a macroscopically homogeneous anisotropic material. The 
results obtained were found to be in good agreement with the theoretical and experimental 
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data reported in the literature. At the same field  Bathurst et al. (2005) developed a new 
working stress method for the calculation of reinforcement loads in geosynthetic reinforced 
soil walls. As a precursor to this objective, back-analyses of a database of instrumented and 
monitored full-scale field and laboratory walls was used to demonstrate that the prevailing 
AASHTO Simplified Method used in North America results excessively conservative 
estimates of the volume of reinforcement required to generate satisfactory long-term wall 
performance. 
2.6.3 Segmental retaining walls 
    Koerner and Soong (2001) compared three design methods of geosynthetic reinforced 
segmental retaining walls to one another with respect to their details and idiosyncrasies. 
This was followed by a numeric example which illustrated that the modified Rankine 
method is the most conservative, the FHWA method is intermediate, and the NCMA 
method is the least conservative. 
    A survey of the literature was included where it can be seen that there have been 
approximately 26 walls which suffered either excessive deformation or actual collapse. The 
survey described 12 serviceability problems and 14 wall failures. Of the total, 17 of the 
cases had low permeability backfill soils in the reinforced zone and 8 had uncontrolled or 
inadequate quality control in the construction of the walls. 
2.7  Finite element modeling  
    Numerical methods are now widely used in order to have an insight on the stress - strain 
behavior of gabion structures, both during construction sequence and working life. 
Numerical methods can make a very significant contribution to the analysis phase of the 
design process, when it comes to interpreting measurements of displacements, pressures 
etc.. Possibly the greatest limitation to application of numerical methods in solving 
practical problems are, the restrictions posed by difficulties in estimating values for gabion 
properties. 
         More than 30 years have passed since the finite element method (FEM) was first used for 
geotechnical engineering applications. In finite element analysis (FEA), the macroscopic 
behavior or response of any system can be examined based on the behavior of microscopic 
components or elements of the structure. These elements may be one, two or three 
dimensional depending on the nature of the problems being analyzed. By means of 
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incremental and iterative analyses, the finite element method makes it possible to model 
many complexities of gabion and rock behavior. These complexities include non-linear 
stress-strain behavior, dependence of stiffness and strength on confining pressure, 
irrecoverable plastic deformations, volumetric strains caused by shear stresses etc (ASREE, 
2008).  
     FEA is capable of handling complex geometries and can make use of a realistic 
constitutive model for soil. Using this, the stress – strain behavior of any system can be 
simulated during its entire life. The details of applying FEM in geotechnical engineering 
are clearly explained in Desai and Abel (1987) and Potts and Zdravkovic (1999 A &, B). 
There are a wide range of books depicting the fundamentals and techniques of FEM. 
(Bathe, 1996; Cook et a1, 2001; Zienkiewicz and Taylor , 1989; and Krishnamoorthy, 
1987). 
     Finite element method of analysis has been considered a powerful tool in assessing the 
deformation of gabion walls having the potential to account virtually the interaction 
between all components of gabion system. The analysis of geotechnical structures consists 
of a sequence of modeling which include the geometric modeling of the structure itself, the 
mechanical modeling of internal forces and behavior of the constituent materials together 
With the modeling of the applied loads. The modeling of a practical problem itself in all its 
aspects (geometry, loading history, etc.) leads to a properly set mathematical problem to be 
solved. Solving this problem most often requires numerical methods to be used. This is 
called as the numerical modeling of a mathematical problem. Together with the very 
concept of modeling, as far as a geotechnical problem is concerned, validation must also be 
introduced. This means that the accuracy of a model to represent the structure shall be 
checked in order to reuse it to study the behavior of its prototype.  
     Koerner et al. (1998)  conducted a survey which included four wall categories like 
gravity walls, crib / bin walls, MSE walls with metal reinforcement and MSE walls with 
geosynthetic reinforcement. Gravity walls were seen to be the most expensive, with crib/bin 
walls and MSE (metal) walls significantly less expensive. But the crib/bin walls are rarely 
above 7m in height. It was also obvious that MSE (geosynthetic) walls are the least 
expensive of all wall categories and over all wall heights. However, convergence seems to 
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occur within the two different MSE types (metal and geosynthctics) in the high wall height 
category. 
    Variance values, however, are similar in all wall categories. In the analysis, the backfill 
soil was assumed to be an elasto-plastic material with Mohr-Coulomb failure criterion 
together with the non-associated flow rule. The wall facing block and the reinforcement 
were assumed to be linear elastic. In the finite-element modeling, the detailed construction 
sequence was carefully simulated by adding layers of soil and reinforcement at designated 
steps. Upon completion of the Wall, lateral displacements similar in magnitudes to those 
measured by the wall profiling were then incrementally applied at the wall face in order to 
create stress-strain fields similar to those of the actual field walls. 
    Basudhar et al. (2008). dealt with the optimum cost (objective function) design of 
geosynthetic reinforced earth retaining walls subjected to static and dynamic loading. The 
design restrictions were imposed as design constraints in the analysis. Choice of the initial 
designed length and strength of the reinforcement, which are the elements of the design 
vectors were made in such a way that it forms an initial feasible design vector. The 
constraints and the objective function being nonlinear in nature, the Sequential 
Unconstrained Minimization Technique was used in conjunction with conjugate direction 
and quadratic fit methods for multidimensional and unidirectional minimization to arrive at 
the optimal (minimum) cost of the reinforced earth wall. Optimal cost tables were presented 
for different combinations of the loading and the developed procedure was validated by 
taking up an example problem. It was found from the typical example problem that savings 
of the order of 7-8% can be made over the conventional design of mechanically stabilized 
earth (MSE) walls with the aid of design charts presented in the paper. 
2.8  Validation studies  
     In general, validation is the process of checking whether something satisfies a certain 
criterion. Examples would include: checking if a statement is true (validity), if an appliance 
works as intended, if a computer system is  secure, or if computer data are compliant with 
an open standard. Validation implies that one is able to testify whether a model or process 
is correct or compliant with a set of standards or rules. In the present study, validation 
indicates checking the accuracy of the prediction tool developed to simulate the behavior of 
gabion walls. To be exact, it may be noted that, through the validation studies, it should be 
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ensured that the simulation of stresses, strains and displacements should be representative 
in all respects. For this, thorough and detailed validation studies were conducted at each 
phase of the program development. (Jayasree P, 2008)  To validate the performance of each 
element, suitable independent examples are chosen and compared with the available results.  
    After a pervasive literature survey conducted on retaining walls it is concluded that 
research works on gabion faced retaining walls or even segmental retaining walls (both fall 
under semi rigid walls category) are very much limited in number .The construction of 
these walls is gaining fast momentum all over the world without understanding the exact 
behavior of these walls, as evident from the literature survey.  It has also been eventually 
found from the literature studies that only a numerical tool like the finite element method 
can yield a complete picture of the behavior of the retaining wall system and its 
components. 
    The Federal Highway Administration (FHWA) and Caltrans funded several gabion 
corrosion studies. From 1986 to 1993 Caltrans did a 7-year field study of full-scale gabion 
facilities and test panels along the Pacific Coast Highway in Monterey County. Those 
studies prompted a laboratory study of accelerated corrosion, which gave field inspectors a 
rational basis for rejecting materials with damaged coatings. A task of the lab study was to 
do a corollary field study which started in 1989. (James and Thomas,2001)  
    Under these circumstances, a two dimensional finite element study is attempted in this 
work paying individual attention to soil, facing, reinforcement and the interfaces between 
soil and reinforcement as well as between soil and facing, considering the soil and interface 
as non linear, to monitor the behavior of gabion faced retaining wall systems. 
    Simulations were conducted to optimize the design of a small building with walls 
constructed of limestone filled gabion baskets. Different methods of insulating and 
weatherproofing the gabion walls were compared, with the indoor operative temperatures in 
the summer design week providing the critical comparison. The performance of the gabion 
building was compared with that of more conventional construction types to demonstrate 
the superior thermal performance of gabions in a temperate climate (Australia). This paper 
also addresses an issue with simulating gabion walls. Due to the inconsistent nature of 
gabion walls, the simulation requires the thermal properties of the gabion walls to be 
approximated as the simulation program cannot accurately model the voids and variations 
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in a gabion wall. The material simplifications are discussed and the buildings thermal 
performance with these assumptions are analyzed.( Lydia K and Veronica S, 2015). 
    This research work aims at evaluating the acoustic performance of conventional and low 
height gabions noise barriers. On one hand, in situ as well as scale model measurements at 
a scale of 1:10 have been carried out to assess the intrinsic acoustic properties of a 3 m high 
gabions barrier. Single number ratings of transmission and reflection indices reached 20 dB 
and 5 dB, respectively. On the other hand, numerical simulations using a 2D boundary 
element method (BEM) and scale model measurements are carried out to study the 
effectiveness of low height gabions noise barriers when they are inserted in dense urban 
areas. The agreement between numerical and scale model measurements results is 
satisfactory. The effectiveness of low height gabions noise barriers is significant for 
receivers of limited height and the insertion loss values can reach 8 dB(A) behind the 
barrier. This confirms that gabions noise barriers are possible candidates as useful devices 
for environmental noise reduction.( Koussa et al., 2012). 
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3.1 Introduction  
    In this chapter the research methodology used in the study was described. Numerical 
modeling was adopted in this study. This started from gathering, analyze and process build 
up models of gabion structure to simulate the actual models using the COMSOL program. 
This was to discuss and compare the behavior of models with actual structure. 
3.2 Data collection 
    Gabions walls was constructed by filling wire mesh boxes with rock. Gabion walls used 
in many applications in the  world. 
3.2.1  Model components and material   
3.2.1.1  steel mesh  
    Hexagonal steel mesh, is a mesh of wire commonly used in many fields in our daily 
lives. It is made of thin, flexible galvanized steel wire, with hexagonal gaps, Available 
mesh sizes range from 13mm to 100mm, hexagonal wire mesh is available in various wire 
diameter usually 0.5 mm wire to 1.6mm.( Zhuoda-gabion, 2013) 
3.2.1.2   Filling materials  
    Stone materials of higher unit weight γs are preferable particularly if the gravity function 
of the structure is predominant or if the structure is submerged or exposed to stream flow 
for a long period of time. To ensure the durability of the gabion structure the stone must has 
high resistance to weathering and erosion, and high compression strength. In addition, the 
apparent total unit weight required for various analyses can be determined by the unit 
weight of stone material γs and the porosity of the gabion, which generally various from 0.3 
to 0.4 depending on the hardness and angularity of stone. The most appropriate size for 
infilling stone varies from 1 and 1.5 to 2 times the dimension of wire mesh, and the stone 
should be large enough to avoid its escape through the opening of wire mesh. In general, 
the use of smaller sized stone, permits an improved and more economical filling of the 
cage, it also allows a better distribution of the imposed loads and adaptability of the gabion 
structure to deformation. We are in this study used a soil as a filler material in the boxes. 
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3.2.2 Model physical characteristics   
    The wall gabion consist from several of wire mesh boxes gabion, so we need to know the 
data necessary to build the wall, such as No. of entities, Size and units (length * width * 
height). 
3.2.3  Material properties   
 Density (ρ) (Kg/m3). 
 Poisson Ratio (n). 
 Young's Modulus (E) (Pa). 
Table (3.1): Mesh and filler material properties  
Property / component Mesh Filler materials 
Density (ρ) 
Kg/m
3
 
7850 1680 
Poisson Ratio (n) 
 
0.33 0.3 
Young's Modulus (E) 
Pa 
200e9 620e8 
 
* Note || These values was obtained from (source : Geotechnicalinfo, 2012). 
3.3 Models development 
    In this study three models were presented: firstly we will presented the model include 
box 20×20×20 cm, then we show the result of model of box 120×45×45cm, and finally we 
going to examine and discus the behavior of the wall in the existing facility. 
 Gabion box model (20×20×20) cm  
 Gabion box model  (120×45×45) cm 
 Gabion wall structure model (240×180×45)cm and there are two type of elements 
that make up the wall with size (120*45*45)cm and size (60*45*45). 
3.3.1  Gabion box model (20×20×20) cm  
    In this case, a numerical model to simulate the behavior (deformation , strain and stress) 
of single gabion box (20×20×20 )cm was developed. The result obtained from the 
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numerical model were compared with testing result obtained from the compression tests 
performed in the laboratory for the physical model with the same dimensions, materials and 
conditions. 
3.3.2  Gabion box model  (120×45×45) cm  
    In this case, a numerical model to simulate the behavior (deformation, strain ,and stress) 
of a single gabion box model (120×45×45)cm was developed. This model was considered 
as the main entity to be used in the existing gabion structure. 
3.3.3  Gabion wall structure model (240×180×45)cm 
    In this case, a study the mechanical behavior of large scale model for existing gabion 
structure was modeled using the gabion boxes (120×45×45) and (60*45*45)cm, and the 
boundary conditions for this wall was the firstly fixed constrain from bottom and free from 
two edge, secondly fixed constrain from bottom, free from one edge and roller from second 
edge. Where was the loads on the wall is the own weight of the wall only. The result 
regarding deformation were  obtained from the model and a comparison was made with the 
actual structure .     
3.4 Development of numerical model  
    The model is a simplified representation of a system or phenomenon, as in this  
application of boxes in COMSOL program, with any hypotheses required to describe the 
system or explain the phenomenon, often mathematically. The modeling process in this 
study include many phases as follows:  
3.4.1  Geometry of block 
    After gathering all the needed data and information for establishing the model  ,the first 
stage of modeling is to construct the box by its determine dimensions. 
The dimension of boxes as presented previously as follows :   
 20×20×20     (Width ,Depth ,Height). 
 120×45×45   (Width ,Depth ,Height). 
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    To practice the process of the COMSOL program and to input the model in the logical 
shape. Three boxes were constructed, every box contains internal box for two internal box 
with dimension of 19.8×19.8×19.8 .   
3.4.2  Difference application  
    After the process of constructing the three boxes we applied the difference properties on 
the first and the second boxes to produce anew external box with thickness of (2) mm  
hence the third box stay as it is. 
3.4.3  Defining materials  
    The next stage is the definition of the materials that compose the boxes as follow: 
 The external box with thickness of (2) mm is wire mish, which has a structural 
steel properties. 
 The internal box with dimension of 19.8×19.8×19.8cm (Width, Depth, Height) is 
filler materials, which has brick properties.  
3.4.4  Union application 
    Before applying the uniaxial load on the boxes the union properties on both boxes to 
behave as one box should be made when it endure the loads act on it. 
3.4.5 External support definition   
    The structure requires supporting elements to resist the loads act upon it. concerning to 
gabion box fixed constrain were used to resist the vertical and horizontal loads to guarantee 
the stability of the box as the case required. 
3.4.6  Loads criteria  
    The loads applied to the gabion box contained three types: 
 Body load (own weight) 
 External applied load 
 Combination of body load and external load 
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3.5 Data analysis  
    The gabion box is considered as the structural element in gabion model. The analytical 
process was conducted upon the box. Different gabion box dimension were used. Gabion 
box wall is developed and differences conditions were considered. 
    this study showed the analytical process including (deformation, strain and stress) of 
single gabion box and  the gabion box wall as follows: 
3.5.1  Data analysis for model of box 20×20×20cm  
    In analyzing this gabion box, three cases of loading were considered as follows: 
3.5.1.1  Body load " own weight " of gabion box 20×20×20  
    In this case of loading the gabion box was exposed to body load only it was determined 
by the following formula W = γ ×V.  The fixed constrain from the bottom side of box was 
used. The own weight was calculated by default COMSOL built in formula as follows: 
w = solid.rho*g_const    <<    w = 0.2×0.2×0.2×1680×10=134.4 N/0.04m2 
      = 3360 N/m
2
 
3.5.1.2  External load applied to the gabion box  20×20×20   
    In this case of loads, a set of applied loads used in lab were applied, this loads started 
from 197.5 to 465 KN/m
2 
. In this case the body load was neglected and fixed constrain of 
bottom side of the box was defined.   
3.5.1.3 Combination of Body load and external load upon the gabion box   
    In this case of loading, the previous case was considered and the body load was defined 
to the gabion box. 
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3.5.2  Data analysis for model of box 120×45×45cm 
    In this model, the same first case of loadings on the box 120×45×45 as discussed 
previously were defined dimensions and the results although the gabion box of 120×45×45 
was used in the case.  
    The same boundary conditions were applied but the external was limited to gabion box 
20×20×20 only. Instead, The loads exposed to the gabion wall box included the 
combination of  own weight and external load.  
3.5.2.1 Combination of Body load and external load upon the gabion box  
    In this case the load include own weight of box and the external load .we've proved our 
study on box 120×45×45 by applying the model  as in process which examine and applied 
on box 20×20×20 in another study in lab,  by applied the own weight W = γ ×V ,  and with  
stable fixed constrain from the bottom of the box . 
    The maximum load found upon the first box in the bottom because its carry all above 
boxes when dealing with column of boxes in the wall. 
    The column of boxes consist from seven boxes, so the external load equal (sum of own 
weight from second to sixth arrow )from boxes , the body load of the first box in bottom is 
included in the load. so the total load equal (body load of box + 6   × own weight of box) 
    The own weight calculated by default  in COMSOL and define as : 
W = solid.rho*g_const    <<    w = 1.2×0.45×0.45×1680×10=4082.4 N/0.54m2 
The external load = (4082.4×6)= 24494.4 N/0.54m2 
  = 45360 KN/ m
2 
3.5.3  Data analysis for model of existing gabion wall structure  
    Gabion wall structure was constructed from several boxes. Each box has the same 
dimensions and characteristics discussed previously. 
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    The model of the wall was applied in COMSOL program as it was in the facility through 
its dimension and materials that constructed the wall , The wall was constructed from two 
size of box , the first box 120×45×45 and the other was 60×45×45.  
    In this case, only body load was considered with a difference support element to resist 
the loads as follow: 
Case (1) 
    In this case the fixed constrain from bottom side to resist the load applied to the wall 
and the other side were free. 
Case (2) 
    The difference between the previous case and this case is  using the roller support from 
one side of wall, to make a logical expression that the wall is connected to another wall 
but free to settle. 
3.6 Comparison with physical models  
In this study, the validation of model results was made by making a comparison study 
between the result of  box model in COMSOL with the physical model. The first one 
with the lab results 20×20×20cm and the other with existing structure (gabion wall). 
3.6.1  Comparison of model 20×20×20cm with physical experiment in laboratory   
    Compression testing is a very common testing method that is used to establish the 
compressive force or crush resistance of a material and the ability of the material. 
Compression tests were used to determine the material behavior under applied load. The 
maximum stress a material can sustain over a period under a load (constant or progressive) 
is determined.  
    In this study the results of compression testing of gabion box 120×120×120cm were 
used. The knowledge of stresses & strains in the box subjected to different types of loads 
are of considerable interest to this study. The outcome of this study examines and 
determination of all of the components of the state of deformation of gabion box. The 
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results were presented in graphical chart known as stress-strain diagram to be compared 
with the results obtained from the model. 
 
Figure (3.1) : Behavior of gabion box in laboratory 
3.6.2  Comparison wall model with physical model (facility in UP) in filed  
    In this stage of the study the apparent total stresses modules,  displacement stresses and 
strain of wall gabion structure were measured. which has taken this compound behavior of 
wire mesh and infilled stone into account should be adopted in numerical modeling instead 
of using the modulus of infilled stone itself. 
    In this case a comparison between the result from model wall and the wall in existing 
facility was made. the next photos show the existing facility in field and drawing by 
AutoCAD.  
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Figure (3.2) : Gabion structure in university of Palestine 
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Figure (3.3) : Gabion structure drawing in AutoCAD  
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4.1  Introduction of the COMSOL  
     COMSOL Multi physics also has several problem-solving benefits. When starting a new 
project, using COMSOL helps you understand your problem. You are able to test out 
various geometrical and physical characteristics of your model, so you can really hone in 
on the important design challenges. The flexible nature of the COMSOL environment 
facilitates further analysis by making ―what-if ‖ cases easy to set up and run. You can take 
your simulation to the production level by optimizing any aspect of your model. Parameter 
sweeps and target functions can be executed  right in the user interface. From star t to 
finish, COMSOL is a complete problem-solving tool. 
     As you become a more experienced user of COMSOL, your confidence in computer 
simulation will grow. You will become a more efficient modeler, and the results will show 
it. The remainder of this introduction is dedicated to give you a strong start toward this 
goal. After a general introduction to the user interface, several tutorials will take you step 
by step through sample models that highlight important features.  
    The informative charts give you an idea of COMSOL’s capability by associated files, 
functions, and built-in options. By the end you will be well on your way to reaping all the 
benefits that COMSOL has to offer. 
     COMSOL Multi physics is a powerful interactive environment for modeling and solving 
all kinds of scientific and engineering problems based on partial differential equations 
(PDEs). With this software you can easily extend conventional models for one type of 
physics into multi physics models that solve coupled physics phenomena and do so 
simultaneously. Accessing this power does not require an in-depth knowledge of 
mathematics or numerical analysis. Thanks to the built-in physics modes it is possible to 
build models by defining the relevant physical quantities such as material properties, loads, 
constraints, sources, and fluxes rather than by defining the underlying equations. COMSOL 
Multi physics then internally compiles a set of PDEs representing the entire model. You 
access the power of COMSOL Multi physics as a standalone product through a flexible 
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graphical user interface, or by script programming in the COMSOL Script language or in 
the MATLAB language. 
4.2  COMSOL Desktop 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (4.1) : The main page of the program 
 
 
 
 
 
 
 
 
MODEL BUILDER — The 
Model Builder window with its 
model tree and the associated 
toolbar buttons gives you an 
overview of the model. The 
modeling process can be 
controlled from context-sensitive 
menus accessed by right-clicking 
a node 
SETTINGS WINDOW — Click any 
node in the model tree to see its 
associated Settings window displayed 
next to the Model Builder 
MODEL BUILDER  
     TOOLBAR 
MODEL TREE — the model 
tree  gives an overview of the 
model and all  of the 
functionality and operations 
needed for building and 
solving a model as well as 
processing the results 
QUICK ACCESS TOOLBAR — Use 
these buttons for access to functionality 
such as file open/save, undo/redo, 
copy/paste, and delete 
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Figure (4.2) : The Graphics window 
4.3   Basic Parameters in COMSOL  
     Under the Global Definitions node ( ), enter values in the Parameters table to define 
parameters used throughout the model making it possible to parameterize, for example, a 
geometric dimension. Parameters are scalar numbers that are the same for all geometries 
and domains, can depend on other parameters, and can contain any built-in mathematical 
function. Also see Global Parameters in the COMSOL Multi physics User’s Guide. 
GRAPHICS WINDOW — The Graphics window presents 
interactive graphics for the Geometry, Mesh, and Results  
nodes. Operations include rotating, panning, zooming, and  
selecting.  
GRAPHICS WINDOW  
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    In the Parameters table or the fields under the table, enter parameter Names, Expression, 
and Descriptions manually or import from a text file. Organize the table with the Move Up 
( ), Move Down ( ), or Delete ( ) buttons or right-click the cell and select Move Up, 
Move Down, or Delete. The Value column shows the value of the parameter in the base 
unit system. 
    Save the parameters to a text file to reuse in other models. Click the Save to File button (
) and enter a File name in the Save to File dialog box, including the extension .txt. Click 
to Save the text file. The information is saved in space-separated columns in the same order 
as displayed on screen. 
    Import or load data in text files from a spreadsheet program, for example, with the Load 
from File button ( ) and the Load from File dialog box that appears. Data must be 
separated by spaces or tabs. 
4.4  Solid Mechanics Geometry and Structural Mechanics Physics Symbols  
     The Solid Mechanics interface in the Structural Mechanics Module is available for these 
space dimensions, which are described in this section : 
• 3D Solid Geometry 
• 2D Geometry (plane stress and plane strain) 
• Axisymmetric Geometry 
4.5   3D Solid Geometry  
     The degrees of freedom (dependent variables) in 3D are the global displacements u, v, 
and w in the global x, y, and z directions, respectively, and the pressure help variable (used 
only if a nearly incompressible material is selected), and the viscoelastic strains 
4.6   Step of make the model  
4.6.1 Preparing and setting stage  
1- To start the software, double-click the COMSOL icon on the desktop, which will 
take you to the New window with two options for creating a new model: Model 
Wizard or Blank model. 
2- In the Select Space Dimension window, select 3D  such as figure (4.3). 
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Figure (4.3) : The Select space dimension window 
3- In Select Physics, select Structural Mechanics > Solid Mechanics (solid) . Click 
Add. Without add-on modules, Solid  Mechanics is the only physics interface 
available in the Structural Mechanics folder. In the picture (4.4), the Structural 
Mechanics folder is shown as it appears when all add-on modules are available. 
 
 
 
 
 
 
 
 
 
Figure (4.4) : The Add physics window 
4- Click Frequency domain under the image (4.5). Click Done once you have finished. 
Preset Studies have solver and equation settings adapted to the selected physics; in 
this example, Solid Mechanics. A Stationary study is used in this case there are no 
time varying loads or material properties. 
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                                    Figure (4.5) : The Select study type window 
4.6.2  Inserting boxes  
4.6.2.1  Block  
    To create a block (box), right-click a 3D Geometry node and select Block ( )Then enter 
the properties of the block using the following sections. See the following figure (4.6):  
 
 
 
 
 
 
 
Figure (4.6) : The Add block window 
4.6.2.2 Object type  
    From the Type list 
figure (4.7), select Solid 
or Surface to specify if 
the block is a solid object 
or a surface object.                          Figure (4.7) : The Select object type window 
Chapter4. COMSOL Program    
 
 
48 
4.6.2.3 Size and Shape  
     Define the edge lengths in the Width, Depth, and Height fields. With the default axis 
(representing the z-axis) and no rotation, the width, depth, and height correspond to the 
dimensions in the x, y, and z directions, respectively as figure (4.8). 
 
  
 
Figure (4.8) : The Add size and shape window 
4.6.2.4  Position  
   The right figure (4.9) explain enter the position of the block using the x, y, and z fields. 
From the Base list, choose Center if the block is centered about the position, or choose 
Corner if the block has one corner in this position. 
 
 
 
 
Figure (4.9) : The Add size and shape window 
4.6.2.5  Axis  
     Specify the direction of the block’s third axis, that is, the direction of the edges 
corresponding to the height. From the Axis type list, choose x-axis, y-axis, or z-axis (the 
default) to obtain an axis aligned with the specified coordinate axis. Such as figure (4.10) 
choose Cartesian to enter a direction vector in the x, y, and z fields. Choose Spherical to 
enter the direction using the angles theta (polar, zenith) and phi (azimuth). 
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                        Figure (4.10) : The selection the direction of the blocks axis  
4.6.2.6  Rotation angle  
    Specify the rotational angle about the block’s third axis in the Rotation field. When this 
angle is zero, the block’s second axis is parallel to the x y-plane shown figure (4.11) . 
 
 
Figure (4.11) : The Rotation field window 
4.6.2.7 Layers  
    Layers can be used to create sandwich primitives by adding layers on one or more sides. 
Specify the thicknesses of layers in the Layers table, and optionally a name for each layer. 
The outermost layer comes first. Select the check boxes under Layer position to specify 
where to apply the layers .See the graphics (4.12) of the check boxes to see the definitions 
of the left, right, front, back, bottom, and top sides of the block. 
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Figure (4.12) : The layer position  window 
4.6.3 Difference operation  
    To subtract solids from solids, right-click a geometry and select Boolean 
Operations>Difference ( ). Then enter the properties of the difference operation using the 
following section (4.13): 
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4.6.3.1 Input  
    Activate the Objects to add list by selecting its Activate Selection button ( ), and select 
the solids that you want to add in the Graphics window. 
Select the Keep input objects check box to use the selected geometry objects for further 
geometric operations. 
    Create a geometry object without interior boundaries by clearing the Keep interior 
boundaries check box. This can be useful to simplify a geometry where the interior 
boundaries do not separate domains with different physics or materials, for example. 
    Adjust the Relative repair tolerance (default value: 10
−6
) if you experience problems with 
the difference operation. The absolute repair tolerance is the relative repair tolerance times 
the maximum coordinate of the input objects. Geometric entities that have a distance less 
than the absolute repair tolerance are merged. 
4.6.3.2 Selections of resulting entities  
    Select the Create selections check box to create predefined selections for all entities (all 
or some of domains, boundaries, edges, and points) that the resulting geometric object 
consists of. These selections are available in all applicable Selection lists but do not appear 
as separate selection nodes in the Model Tree. 
4.6.4  Selecting materials  
    User-defined materials provide the flexibility needed to design your model and 
experiments using a combination of existing material properties and properties you define 
yourself. You can also create your own material database (library) to include materials you 
use often. 
 You can also modify and extend existing materials that you load from any of the 
material libraries. When added to the model, the material is a copy of the properties and the 
for the material from the library, and you can modify that material’s properties in the same 
way as a user-defined material. 
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1- Open the Add Materials window. You can open the Add Materials  window in 
either of these two ways: 
 Right-click Component 1>Materials in the Model Builder and select Add 
Material  
 From the ribbon, select the Home tab and then click Add Material. 
2- In the Add Material window, click to expand the Built-In directory. Scroll down to 
find Structural steel, right-click, and select Add to Component 1. 
3- Examine the Material Contents section in the Settings window for Material to see 
the properties that are available. Properties with green check marks are used by the 
physics in the simulation. 
4- Close the Add Material window. 
Show the steps outlined in Figur (4.14): 
Figure (4.14) : The Steps outlined  window 
4.6.5 Unification properties  
    To create the union of geometry objects, right-click a geometry and select Boolean 
Operations. Union ( ). Then enter the properties of the union operation.. As the following 
image (4.15):  
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Figure (4.15) : The step of union object  window 
4.6.5.1 Input  
    Select the geometry object that you want to unite in the Graphics window. The objects 
appear in the Input objects list. 
    Select the Keep input objects check box to use the selected geometry objects for further 
geometric operations. 
    Create a geometry object without interior boundaries by clearing the Keep interior 
boundaries check box. This can be useful to simplify a geometry where the interior 
boundaries do not separate domains with different physics or materials, for example. 
    Adjust the Relative repair tolerance (default: 10
−6
) if you experience problems with the 
union operation. The absolute repair tolerance is the relative repair tolerance times the 
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maximum coordinate of the input objects. Geometric entities that have a distance less than 
the absolute repair tolerance are merged. 
4.6.5.2 Selections of resulting entities  
    Select the Create selections check box to create predefined selections for all entities (all 
or some of domains, boundaries, edges, and points) that the resulting geometric object 
consists of. These selections are available in all applicable Selection lists but do not appear 
as separate selection nodes in the Model Tree 
4.6.6 Fixed Constrain  
    The Fixed Constraint node adds a condition that makes the geometric entity fixed (fully 
constrained); that is, the displacements are zero in all directions. For domains, this 
condition is selected from the More submenu. 
    From the Selection list, choose, the geometric entity (domains, boundaries, edges, or 
points) that are fixed.  
4.6.6.1 Pair selection  
    If Fixed Constraint is selected from the Pairs menu, choose the pair to define. An identity 
pair has to be created first. Ctrl-click to deselect. 
4.6.6.2 Constrain settings    
    To display this section, click the Show button ( ) and select Advanced Physics Options. 
To Apply reaction terms on all dependent variables, select All physics (symmetric). 
Otherwise, select Current physics (internally symmetric) or Individual dependent variables 
to restrict the reaction terms as required. Select the Use weak constraints check box to 
replace the standard constraints with a weak implementation. 
4.6.7 Force and load system  
    Finally, we've affected the forces that contained body load of the box, with the external 
loads on the boundary load .   
4.6.7.1 Boundary Selection  
    Add a Boundary Load to boundaries for a pressure acting on a boundary, for example.  
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 From the Selection list, choose the boundaries to define a load. 
4.6.7.2 Coordinate System Selection  
    The Global coordinate system is selected by default. The Coordinate system list contains 
any additional coordinate systems that the model includes. 
4.6.7.3 Force  
   After selecting a Load type, the Load list normally only contains User defined. 
When combining the Solid Mechanics interface with, for example, film damping, it is also 
possible to choose a predefined load from this list. 
    Select a Load type for 3D models and then enter a value or expression in the 
matrix: 
• 
  Load defined as force per unit area FA (SI unit: N/m
2
). 
 Total force Ftot (SI unit: N). COMSOL then divides the total force by the area of the 
surfaces where the load is active. 
4.6.7.4 Body Load  
   Add a Body Load to boundaries (for the Plate interface add it to domains) and use it for 
self-weight or centrifugal loads, for example. Right-click and add a Phase for harmonic 
loads in frequency-domain computations. 
4.6.7.5 Boundary or Domain Selection  
    From the Selection list, choose the boundaries (the Shell interface) or domains (the Plate 
interface) to define a body load.  
4.6.7.6 Coordinate System Selection  
    Specify the coordinate system to use for specifying the load. From the Coordinate system 
list select from: 
 Global coordinate system (the default) 
 Boundary System (a predefined normal-tangential coordinate system) 
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 Any additional user-defined coordinate system 
4.6.7.7 Defining load  
    You will now define a global parameter specifying the load applied to the wrench. 
1- In the Model Builder, right-click Global Definitions and choose Parameters . 
2- Go to the Settings window for Parameters. Under Parameters in the Parameters  
3- table or in the fields below the table, enter these settings:  
 In the Name column or field, enter F. 
 In the Expression column or field, enter 1000[N]. As shown in the figure (4.16) 
below " The square-bracket notation is used to associate a physical unit to a 
numerical value, in this case the unit of force in Newton’s " , The Value column 
is automatically updated based on the expression entered once you leave the 
field or press return. 
 In the Description column or field . 
 
 
 
 
Figure (4.16) : The steep of parameter  window 
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5.1  Introduction 
    This chapter discussed the results obtained from COMSOL and physical models, the 
analytical results included (stress, strain, deformation, vertical and horizontal displacement) 
for gabion structure. 
    In this chapter the results of three model were presented , firstly presented the result of 
model include box 20×20×20 cm were presented. These results were with corresponding 
results of physical gabion box with the same dimensions tested in laboratory. Next the 
results of model of box 120×45×45 cm. Were illustrated finally the results and behavior of 
the wall of gabion wall were handled and compared with the existing facility constructed in 
field as mentioned previously  in methodology chapter. 
5.2  Result of gabion  box ( 20×20×20 ) cm model 
    In the following, description of model geometry, stress and displacement that obtained 
from model in COMSOL program. Three cases of loading were applied, own weight,  
external load and, finally combination of  external load and  own weight. 
5.2.1 Geometry of gabion box ( 20×20×20 ) cm model  
    The figure shown illustrated the model shape in three-dimensional plot. 
 
 
 
 
 
                                                Figure (5.1) : The geometry mash  of box 
    The figure defined the coordinates of control points, mesh type, and element size for 
finite element solution. 
    Table (5.1) below presented the adopted values for elements features used in model. 
These values were defined using COMSOl default reference point.  
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Table( 5.1) : gabion box and  mesh settings and features 
 
 
 
                 
5.2.2 Body load " own weight " of gabion box (20×20×20 ( cm  case of loading 1: 
    In this case of loading the behavior of box was determined under  body loads only, of 
loading stresses and displacement were presented in 2D, 3D, and line graphs. Tables were 
listed for accurate value: 
5.2.2.1 Result of stresses for body load of gabion box (20×20×20 ( cm  
The stresses result of gabion box from COMSOL program show in figures (5.2), (5.3) and 
(5.4). 
 
 
 
 
 
           
 
 
             Figure (5.2): Stresses under own weight only gabion box (20×20×20) cm 
Name Value (cm) 
Maximum element size 10 
Minimum element size 3 
Resolution of curvature 2 
Resolution of narrow regions .5 
Maximum element growth rate 2.5 
Predefined size Extremely coarse 
Custom element size Custom 
Property Value 
Space dimension 3 
Number of domains 2 
Number of boundaries 12 
Number of edges 24 
Number of vertices 16 
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    This figure shows gradually stress on gabion box illustrates the great effect of the facade 
of the box from the top because of its direct exposure to the load and at least stress 
gradually because small force value on the lower end of the box. 
 
   Figure (5.3): The Max/Min surface stress of box (20×20×20) cm  under own weigh only 
    From the figure above it was clear that the highest value of the stress are in the upper 
face of the box (4.2272e6 N/m2) where direct load was applied. The value were gradually 
decreased towards the bottom side to reach the minimum value of (464.65243 N/m2)  lower 
as we went down to the bottom. 
Table (5.2) below shows the values of maximum and minimum values of stresses and the 
corresponding points coordinates.  
Table( 5.2): The Max/Min surface stress of box (20×20×20) cm own weight only 
X Y Z von Mises stress (N/m^2) 
7.25123 -5.6406 -9.9 464.65243 
10 -7.14286 10 4.2272e6 
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Figure (5.4): Horizontal section of gabion box (20×20×20) cm under own weight 
Figure (5.4) above shows the stress through line passes horizontally from left to right side 
of box. This line located at the mid point of the gabion box 
 
Figure (5.5): The line graph for stress of box (20×20×20)cm under own weight 
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    Figure (5.5) illustrated the line graph of stress gabion box (20×20×20) cm. The values of 
stresses varies along the lie with distance. Semi log graph was used to describe  the values 
clearly. It was clear that the values of the outer sides(steel mesh) had greater values that the 
inner side(gravel). The stress distribution is normal due to different material. 
5.2.2.2  Result of deformation for body load of gabion box(20×20×20(cm  
    The displacement result of gabion box from COMSOL program show in figures (5.6), 
(5.7) and (5.8). 
 
 
Figure (5.6): Gabion box (20×20×20)cm displacement under own weight only 
    As shown in Figure final result of the total displacement of box, It’s well known that the 
maximum displacement will be at the points where exposed directly to the force and 
displacement decreased gradually on the edge the box . 
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Figure (5.7): The Max/Min surface displacement of box (20×20×20) cm  
   Figure (5.7)  shown described a sectional view through the gabion box. It was clear that 
the larges value of the displacement are at the upper face of the box where the direct load 
was applied and gradually decreased at the bottom to reach minimum values . 
    Table (5.3) below shows the values of maximum and minimum values of stresses and the 
corresponding points coordinates 
Table (5.3): The Max/Min total displacement of box (20×20×20) cm own weirth only 
X Y Z Total displacement (cm) 
-10 -7.14286 -10 0 
0.00271 0.00833 10 0.00454 
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    Figure (5.8): The line graph for total displacement of box 
    Note the change in the length of the existing between the box and the amount that the 
concentration of  displacement was almost the middle of the tempter figure is due to 
explain it to focus own weight moderation region as it reaches Test. 
5.2.3 External Load Upon The Gabion Box (20×20×20 ( cm  
    In this case study the behavior of box by applied just external loads, this study focusing 
specially on stresses and displacement terms as follows : 
5.2.3.1 Result of stresses for external load upon the gabion box (20×20×20 ( cm 
    The stresses result of gabion box from COMSOL program show in figures (5.9), (5.10) 
and (5.11). 
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        Figure (5.9): Stresses under External load only gabion box (20×20×20) cm 
    This figure shows gradually stress on gabion box illustrates the great effect of the facade 
of the box from the top because of its direct exposure to the load and at least stress 
gradually because small force value on the lower end of the box. 
 
          Figure (5.10): The Max/Min surface stress of box under own weigh and body load      
Chapter5. Analysis and Result   
 
 
67 
    From the figure above it was clear that the highest value of the stress are in the upper 
face of the box (1.72884e9 N/m2) where direct load was applied. The value were gradually 
decreased towards the bottom side to reach the minimum value of (2680.54756 N/m2)  
lower as we went down to the bottom. 
    Table (5.4) below shows the values of maximum and minimum values of stresses and the 
corresponding points coordinates 
Table (5.4) : The Max/Min surface stress of box (20×20×20) cm External load only 
von Mises stress (N/m^2) Z Y X 
2680.54756 -10 4.76904 4.51641 
1.72884e9 10 -7.14286 10 
 
 
  
Figure (5.11) : The line graph for stress of box (20×20×20)cm under external load  
    Figure (5.11) illustrated the line graph of stress gabion box (20×20×20) cm. The values 
of stresses varies along the lie with distance. Semi log graph was used to describe  the 
values clearly. It was clear that the values of the outer sides(steel mesh) had greater values 
that the inner side (gravel). The stress distribution is normal due to different material. 
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5.2.3.2 Result of deformation for external load upon the gabion box (20×20×20 ( cm 
The displacement result of gabion box from COMSOL program show in figures (5.12), 
(5.13) and (5.14). 
 
Figure (5.12) : Gabion box (20*20*20)cm displacement under own weight only 
    As shown in Figure final result of the total displacement of box, It’s well known that the 
maximum displacement will be at the points where exposed directly to the force and 
displacement decreased gradually on the edge the box . 
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Figure (5.13) : The Max/Min surface displacement of box (20×20×20) cm under external load only 
 
   Figure (5.13)  shown described a sectional view through the gabion box. It was clear that 
the larges value of the displacement are at the upper face of the box where the direct load 
was applied and gradually decreased at the bottom to reach minimum values. 
    Table (5.5) below shows the values of maximum and minimum values of stresses and the 
corresponding points coordinates. 
Table (5.5)  : The Max/Min total displacement of box (20×20×20) cm External load only 
X Y Z Total displacement (cm) 
-10 -7.14286 -10 0 
0.00271 0.00833 10 1.88113 
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Figure (5.14) : The line graph for total displacement of box (20×20×20) cm 
    Increase the external load on the upper ties of the box, notice increase of displacement 
when increase of length the box, or head for focus in the force. It was the outcome 
unexpected due to not exist bars in the box displacement afford in it.  
5.2.4 Combination of body load and external load upon the gabion box  (20×20×20( 
cm 
    In this case study the behavior of box by applied Combination of  body load and external 
load for the box, this study focusing specially on stresses and displacement terms as 
follows: 
5.2.4.1 Result of stresses for combination of body load and external load upon 
the gabion box(20×20×20( cm 
The stresses result of gabion box from COMSOL program show in figures (5.15), (5.16) 
and (5.17). 
Chapter5. Analysis and Result   
 
 
71 
 
 
Figure (5.15): Stresses under External load only gabion box (20×20×20) cm 
    This figure shows gradually stress on gabion box illustrates the great effect of the facade 
of the box from the top because of its direct exposure to the load and at least stress 
gradually because small force value on the lower end of the box. 
     
 
 
 
 
 
 
 
Figure (5.16): The Max/Min surface stress of box (20×20×20) cm under own weigh and body load 
    From the figure above it was clear that the highest value of the stress are in the upper 
face of the box (1.73306e9 N/m2) where direct load was applied. The value were gradually 
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decreased towards the bottom side to reach the minimum value of (3273.26606 N/m2)  
lower as we went down to the bottom. 
    Table (5.6) below shows the values of maximum and minimum values of stresses and the 
corresponding points coordinates 
Table (5.6): The Max/Min surface stress of box (20*20*20) cm combination of body load and External load 
X Y Z von Mises stress (N/m^2) 
4.51641 4.76904 -10 3273.26606 
10 -7.14286 10 1.73306e9 
 
 
Figure (5.17): The Max/Min surface displacement of  combination of body load and external load  
gabion box (20*20*20) cm 
    Figure (5.17) illustrated the line graph of stress gabion box (20*20*20) cm. The values 
of stresses varies along the lie with distance. Semi log graph was used to describe  the 
values clearly. It was clear that the values of the outer sides(steel mesh) had greater values 
that the inner side (gravel). The stress distribution is normal due to different material. 
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5.2.4.2 Result of deformation for combination of  body load and external load 
upon the gabion box (20×20×20 ( cm 
    The displacement result of gabion box from COMSOL program show in figures (5.18), 
(5.19) and (5.20). 
 
Figure (5.18): Gabion box (20*20*20)cm displacement under own weight only 
    As shown in Figure final result of the total displacement of box, It’s well known that the 
maximum displacement will be at the points where exposed directly to the force and 
displacement decreased gradually on the edge the box 
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Figure (5.19): : The Max/Min surface displacement of  combination of body load and external load  
gabion box (20*20*20) cm 
 
   Figure (5.19)  shown described a sectional view through the gabion box. It was clear that 
the larges value of the displacement are at the upper face of the box where the direct load 
was applied and gradually decreased at the bottom to reach minimum values. 
    Table (5.7) below shows the values of maximum and minimum values of stresses and the 
corresponding points coordinates. 
Table (5.7): The Max/Min total displacement of box (20×20×20) cm combination of body load and External 
load 
X Y Z Total displacement (cm) 
-10 -7.14286 -10 0 
0.00271 0.00833 10 1.88567 
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Figure (5.20): The line graph for total displacement of box (20×20×20) cm 
 
5.3  Result Of Gabion Box (120×45×45) cm  Model 
    In the following ,description of  model geometry, stress and displacement that obtained 
from model 120×45×45 cm in COMSOL program. Three cases of loading were applied, 
combination of body load and external load upon the gabion box.  
     
 
 
 
 
Figure (5.21): The geometry mesh of box (120*45*45) cm 
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    The figure defined the coordinates of control points, mesh type, and element size for 
finite element solution. 
5.3.1 Model geometry of gabion box  120×45×45 cm  
    Table (5.8) below presented the adopted values for elements features used in model. 
These values were defined using COMSOl default reference point.  
Table (5.8): gabion box and  mesh settings and features 
 
 
 
 
 
 
5.3.1.1 Combination Of Body Load And External Load Upon The Gabion Box 
(120×45×45 ( cm 
     In this case study the behavior of box by applied Combination of  body load and 
external load for the box , this study focusing specially on stresses and displacement terms 
as follows : 
5.3.1.1.1 Result of stresses for combination of body load and external load upon 
the gabion box (120×45×45 ( cm 
    The stresses result of gabion box from COMSOL program show in figures (5.22), (5.23), 
(5.24) and (5.25). 
 
 
 
 
Property Value 
Space dimension 3 
Number of domains 2 
Number of boundaries 12 
Number of edges 24 
Number of vertices 16 
Name Value (cm) 
Maximum element size 60 
Minimum element size 8.4 
Resolution of narrow regions 0.1 
Maximum element growth rate 2 
Predefined size Extremely coarse 
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Figure (5.22): Stresses under combination of body load and external load of  gabion box 
(120×45×45) cm 
    This figure shows gradually stress on gabion box illustrates the great effect of the facade 
of the box from the top because of its direct exposure to the load and at least stress radially 
because small force value on the lower end of the box. 
 
 
 
 
    
 
 
Figure (5.23): Stresses under combination of body load and external load of  gabion box 
(120×45×45) cm from (zy) axix 
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    Another view of the ( z,y ) axes showing a buckling on both sides of the box due to the 
increased load on the gabion box . 
 
Figure (5.24): The Max/Min surface stress of box under own weigh and body load of box 
(120×45×45) cm 
    From the figure above it was clear that the highest value of the stress are in the upper 
face of the box (6.62693e8 N/m2) where direct load was applied. The value were gradually 
decreased towards the bottom side to reach the minimum value of (3228.83809 N/m2)  
lower as we went down to the bottom. 
    Table (5.9) below shows the values of maximum and minimum values of stresses and the 
corresponding points coordinates. 
Table( 5.9): The Max/Min surface stress of gabion box (120×45×45) cm combination of body load 
and External load 
 
X Y Z von Mises stress (N/m^2) 
-48.12193 0.8568 -22.4 3228.83809 
-27.66249 -22.5 9.65897 6.62693e8 
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Figure (5.25) : The line graph for stress of box (120×45×45)cm  
    Figure (5.25) illustrated the line graph of stress gabion box (120×45×45) cm. The values 
of stresses varies along the lie with distance. Semi log graph was used to describe  the 
values clearly. It was clear that the values of the outer sides(steel mesh) had greater values 
that the inner side (gravel). The stress distribution is normal due to different material. 
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5.3.1.1.2 Result of deformation for combination of body load and external load 
upon the gabion box (120×45×45 ( cm 
5.3.1.1.3 The  displacement result of gabion box from COMSOL program show in 
figures (5.26), (5.27) and (5.28).  
 
Figure (5.26) : Gabion box (120×45×45)cm displacement combination of body load and external 
load  
As a figure (5.26) final result of the total displacement of box, it was clear that maximum 
displacement will be at the points where  exposed directly to the force and displacement 
decreased gradually on the edge. 
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Figure (5.27): The Max/Min surface displacement of combination of body load and external load  
gabion box (120×45×45) cm 
 
   Figure (5.27)  shown described a sectional view through the gabion box. It was clear that 
the largest value of the displacement are at the upper face of the box where the direct load 
was applied and gradually decreased at the bottom to reach minimum values. 
    Table (5.10) below shows the values of maximum and minimum values of stresses and 
the corresponding points coordinates. 
Table (5.10) : The Max/Min total displacement of  gabion box (120×45×45) cm  
X Y Z Total displacement (cm) 
-60 -22.5 -22.5 0 
-31.668 0.06735 22.4 1.10144 
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Figure (5.28): The line graph for total displacement of combination of body load and external load  
gabion box (20×20×20) cm 
    Increase the external load on the upper ties of the box, notice increase of displacement 
when increase of length the box, or head for focus in the force. It was the outcome 
unexpected due to not exist bars in the box displacement afford in it.  
5.4  Result gabion of wall  model of existing gabion structure  
    In this section the results of gabion wall model of exist structure was presented. 
Description of geometry, stress and displacement that obtained from gabion wall model  in 
COMSOL program with different boundary conditions. First,  own weight with  Fixed 
constrain from bottom side and free from two edge of the wall. then, the results of two 
models were compared with the results of physical actual model structure to describe the 
best own weight with Fixed constrain from bottom, free from one edge and roller from 
second edge for the wall was modeled. 
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5.4.1 Gabion wall model of existing gabion structure 
    In this model, gabion wall with dimension (240×180×45)com was developed. There 
were two type of element with size (120×45×45)cm and (60×45×45)cm. 
  
Table( 5.11) : gabion mesh settings  
 
 
 
 
 
 
                                                                                     Figure (5.29) : The body of wall 
5.4.2 Body load " own weight " of gabion boxes in wall   
    In this case study the behavior of box by applied just body loads , this study focusing 
specially on stresses and displacement terms by two cases as follows : 
5.4.2.1 Fixed constrain from bottom and free from two edge  
    firstly applied own weight which Fixed constrain from bottom and free from two edge 
for the wall . 
5.4.2.1.1  Result of  stresses for fixed constrain from bottom and free from two 
edge 
    The stresses result of gabion wall from COMSOL program show in following figures 
 
 
Property Value 
Space dimension 3 
Number of domains 20 
Number of boundaries 111 
Number of edges 204 
Number of vertices 124 
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Figure (5.30): Stress gabion wall  
    This figure shows gradually stress on side/surface gabion box illustrates the great 
effect of the was located facade on the box bottom because the weight of the boxes 
above it and it shows on stress on the upper boxes due to no load on it . 
 
Figure (5.31) : stress gabion wall in ( z,y ) axes 
Chapter5. Analysis and Result   
 
 
85 
    Another view of the ( z,y ) axes showing a deformation on faces of the own weigth  
boxes due to the increased load on the gabion box . 
 
 
 
 
 
 
 
 
 
 
Figure (5.32): stress gabion wall in ( x,z ) axes 
    Also another view of the ( x,z ) axes showing a deformation on faces of the boxes 
due to the increased load on the gabion box . 
 
 
 
 
 
 
 
Figure (5.33): stress gabion wall in ( y,x ) axes 
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    This figure show  the ( y,x ) axes  a buckling on two sides of the boxes due to the 
increased load on the gabion box . 
 
 
 
 
 
 
 
 
 
 
Figure (5.34) : The line graph for stress of wall 
    The maximum von-mises stress of danger point is shown in Figure under different 
interferences and various lengths. As the calculation results indicated, sufficient length and 
interference were required to satisfy the stabilization of the bolted joints contact state (the 
maximum von-mises stress), while the length and interference are limited by the material 
performance. Therefore, both the stabilization and strength of the bolted joints must be 
taken into account during the design stage. The maximum von-mises stress of danger point  
increase with the external load. 
5.4.2.1.2  Result of  deformation for fixed constrain from bottom and free from 
two edge 
    The displacement result of gabion wall from COMSOL program show in following 
figures: 
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Figure (5.35): The total displacement of wall 
    This figure shows gradually displacement on gabion wall illustrates the great effect of 
the facade of the box from the top because of its direct exposure to the load and at least 
stress gradually because small force value on the lower end  and in the sides of the wall. 
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Figure (5.36): The  slice total displacement of wall 
    Another figure show the total displacement of wall, It’s well known that the maximum 
displacement will be at the points where exposed directly to the force and displacement will 
be less on the bottom of the wall. 
  
 
 
 
 
 
 
 
Figure (5.37): The line graph for total displacement of wall 
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    Note the change in the length of the existing between the box and the amount that the 
concentration of  displacement was almost the middle of the tempter figure is due to 
explain it to focus own weight moderation region as it reaches test. 
5.4.2.2 Fixed constrain from bottom, free from one edge and roller 
from second edge  
    Secondly, applied own weight which Fixed constrain from bottom, free from one edge 
and roller from second edge for the wall. 
5.4.2.2.1 Result of  stresses for fixed constrain from bottom, free from one edge 
and roller from second edge 
    The stresses result of gabion wall from COMSOL program show in following figures 
 
 
 
 
 
 
 
 
 
Figure (5.38): The stress of wall 
    This figure shows gradually stress on gabion box illustrates the great effect of the 
facade of the box from the bottom because the weight of the boxes above it and It 
shows less stress on the upper boxes due to no load on it . 
    Comparing the result with the previouse case in figure (5.30). The value of this 
modle were less then the obtained previously that could be related to supporting type. 
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Figure (5.39): The stress of wall in ( x,z ) axes 
    Also another view of the ( x,z ) axes showing a buckling on faces of the boxes due to the 
increased load on the gabion box . 
    The same note was concluded when compare the result with figure (5.32) no significaut 
difference was noted. 
 
Figure (5.40): The stress of wall in ( z,y ) axes 
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    This figure show  the (z,y) axes  a deformation on faces of the boxes due to the increased 
load on the gabion wall. 
 
Figure (5.41): The stress of wall in ( y,x ) axes 
    This figure show  the (y,x) axes  a deformation on two sides of the boxes due to the 
increased load on the gabion boxes. 
 
Figure (5.42): The  slice stress of wall 
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Figure (5.43): The line graph for stress of wall from the left 
 
    The maximum von-mises stress of danger point is shown in Figure under different 
interferences and various lengths. As the calculation results indicated, sufficient length and 
interference were required to satisfy the stabilization of the bolted joints contact state (the 
maximum von-mises stress), while the length and interference are limited by the material 
performance. Therefore, both the stabilization and strength of the bolted joints must be 
taken into account during the design stage. The maximum von-mises stress of danger point  
increase with the external load. 
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Figure (5.44): The line graph for stress of wall from the right 
 
    The maximum von-mises stress of danger point is shown in Figure under different 
interferences and various lengths. As the calculation results indicated, sufficient length and 
interference were required to satisfy the stabilization of the bolted joints contact state (the 
maximum von-mises stress), while the length and interference are limited by the material 
performance. Therefore, both the stabilization and strength of the bolted joints must be 
taken into account during the design stage. The maximum von-mises stress of danger point  
increase with the external load. 
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5.4.2.2.2 Result of  deformation for fixed constrain from bottom, free from one 
edge and roller from second edge 
    The displacement result of gabion wall from COMSOL  program show in following 
figures 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.45 : The total displacement of wall 
     This figure shows gradually displacement on gabion wall illustrates the great effect of 
the facade of the box from the top because of its direct exposure to the load and at least 
stress gradually because small force value on the lower end  and in the sides of the wall. 
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Figure (5.46): The line graph for total displacement of wall 
5.5 Comparison with physical models 
    The purpose of this section is to calibrate these model parameters based on the 
comparison between experimental data in lap or field and the results obtained from 
numerical simulations.  
5.5.1 Comparison model 20×20×20 with physical model in lap 
    The experimental tests were carried out on gabion box 20×20×20. The wire net was 
made of 2.5 mm-diameter cable, and the filling material was composed of limestone 
angular blocks, whose grain size distribution was uniform within the range of  [19 mm] . 
The result of deformation and stresses from Compression test in lap through applying 
external forces gradually on the box as follows : 
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Table (5.12): Result of compression test of gabion box (20×20×20) cm 
F (KN) Def (m) Strain Stress (KN/m2) 
7.9 0 0 197.5 
9.3 0.4 0.002 232.5 
11 1.3 0.0065 275 
12.4 2.42 0.0121 310 
14 3.35 0.01675 350 
15.6 3.7 0.0185 390 
16.5 3.92 0.0196 412.5 
17.4 4.17 0.02085 435 
17.6 4.62 0.0231 440 
17.9 5.57 0.02785 447.5 
17.5 6.505 0.03253 437.5 
18.6 7.405 0.03703 465 
17.8 8.335 0.04168 445 
17.9 9.185 0.04593 447.5 
15.3 10.685 0.05343 382.5 
14.8 11.735 0.05868 370 
14.8 12.7 0.0635 370 
14.7 13.885 0.06943 367.5 
14.7 14.935 0.07468 367.5 
14.3 15.585 0.07793 357.5 
14.9 16.545 0.08273 372.5 
14.6 17.505 0.08753 365 
13.9 18.435 0.007052 347.5 
From this table, stress strain diagram was plotted to use it in comparing with model values  
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Fig (5.47) : Stress – Strain  Relationship Of  Gabion Box Model 20×20×20 in lap 
    On another hand, the same loads in compression test was implemented and applied to  
the box  in COMSOL program with the same dimension .  
     The result of deformation and stresses from analysis process in COMSOL on gabion 
box model by exposed of external forces gradually on the box as follows : 
Table (5.13) : Result of analysis process in COMSOL (20×20×20) cm 
F (KN) Def (m) Strain 
Stress 
(KN/m2) 
7.9 8.03516 0.040176 197.5 
9.3 9.451 0.047255 232.5 
11 11.17 0.05585 275 
12.4 12.586 0.06293 310 
14 14.204 0.07102 350 
15.6 15.823 0.079115 390 
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16.5 16.733 0.083665 412.5 
17.4 17.643 0.088215 435 
17.6 17.845 0.089225 440 
17.9 18.149 0.090745 447.5 
17.5 17.744 0.08872 437.5 
18.6 18.857 0.094285 465 
17.8 18.048 0.09024 445 
17.9 18.149 0.090745 447.5 
15.3 15.519 0.077595 382.5 
14.8 15.014 0.07507 370 
14.8 15.014 0.07507 370 
14.7 14.912 0.07456 367.5 
14.7 14.912 0.07456 367.5 
14.3 14.508 0.07254 357.5 
14.9 15.115 0.075575 372.5 
14.6 14.811 0.074055 365 
13.9 14.103 0.070515 347.5 
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Fig (5.48) : Stress – Strain  Relationship Of  Gabion Box Model 20×20×20 in comsol 
    From previous figures , The comparison between experimental and numerical curves 
shows that for small axial displacements within the range (0.4 -18.435 mm) and strain 
range (0.002 - 0.007052) in COMSOL result , but in the experimental test show that the 
larger axial displacements within the range (8.03516 - 14.103 mm) and strain range 
(0.040176 - 0.070515) under the same force impact . 
    This variation of result may be due to that  in COMSOL model the box applied as a solid 
of stone behave as homogeneous and unification body , but the box in lap the filler material 
consist from small grade size of stone  so the resistance of box in the lap is lower than in 
COMSOL, then the  maximum displacement in lap is larger than in COMSOL .     
5.5.2 Comparison wall model with physical model (facility in up) in filed  
    After field visiting to assign the deformation produced from wall behavior, the 
deformation record within range ( 2-5) cm from upper to lower box consist the wall, but in 
COMSOL program the deformation limited within range (0-0.001)cm. 
    This variation because the application method to define the box consist the wall, as state 
previously, the all boxes applied as a solid of stone behave as homogeneous and unification 
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body, but the box in lap the filler material consist from small grade size of stone  so the 
resistance of box in the lap is lower than in COMSOL. 
    On another hand the difference of the results of the model of the wall to the result and 
behaviors  in real world in UP refers to several technical reasons such as: 
1. The inefficiency of implementations. 
2. The quality of the material that formed the wall. 
3. External environmental effect. 
4. The inaccurate dimensions and measures of the box in the facility. 
5. The steel bars were not included in finite elements, they were treated as line objects. 
6. The different material size and properties. 
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CHAPTER 6. Conclusions and 
Recommendations 
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6.1 Introduction  
    In this chapter, the final results discussed in previous chapter will be summarized.  This 
will be in there sections. Recommendations were concluded and finally limitations and 
future research were presented.    
6.2 Numerical model (20cm*20cm*20cm) conclusion  
    In this section the result of the first model of gabion box (20*20*20)cm were 
summarized. Tise included three different case of loading as follow:  
6.2.1 Body load own weight: 
    In this case only body load considered showed  the result of model showed that the 
maximum stress was (4.2272e6 N/m2)and  it was located at the top surface of the box, and 
this indicated  deformation of  ( 0.10 mm). 
6.2.2 External load upon: 
    In this case only external  load consider showed that the maximum stress was (1.72884e9 
N/m2), and  it was located at the top surface of the box, and this idicated  deformation of  
(1881.13 mm). 
6.2.3 Combination of  body load and external load upon  
    In this case combination of body load and external load consider showed that the 
maximum stress was (1.73306e9 N/m2), and  it was located at the of the top surface of the 
box, and this idicated  deformation of (1.88567 m). 
6.2.4 Comparison of result   COMSOl program 
    In this section the results of laboratory testing of gabion box (20×20×20)cm were 
compared with this obtained from COMSOL model of the same gabion box. 
    The value of maximum stress in laboratory testing was (465 N/m2). The corresponding 
strain was (0.009249) that describes deformation of (1.845 mm). when applying the same 
stress to COMSOl model of gabion box. The values of strain and deformation were 
(0.009429), (1.8857 mm) respectively.  
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    It was clear that the values were nearly the same. This indicated  that the model reflected 
the actual behavior of the gabion box. 
6.3  Numerical model (120cm*120cm45cm 
    In this section the results of the second gabion box model (120×45×45) cm were 
summarized. The case of loading considered was by applying combination of body load ( 
own weight) and external load. The external load equivalent to the weight of cumulative 
boxes above model showed that the  maximum stress was (6.62693e8 N/m2),and  maximum 
deformation was (1101.44 mm). 
6.4 Wall  model of existing gabion structure  
    In this section, the result of gabion wall model were presented. Only body weight as case 
of loading was considered. Two bounding conditions were applied . The results of model 
were compared with those obtained from physical model as follow:  
6.4.1 Fixed constrain from bottom and free from two edge: 
    The result of this model maximum showed stress of (7.82e6 N/m2),and maximum 
deformation (0.1 mm). 
6.4.2 Fixed constrain from bottom, free from one edge and roller from 
second edge: 
    The result of this model maximum stress of  (7.64e6 N/m2),and maximum deformation 
(0.1 mm). 
6.4.3 Comparison Wall Model With Physical Model In Filed  
    The deformation results or this case were compared with deformation produced from 
wall behavior. The deformation record of values within the range of ( 2-5) cm from upper 
to lower boxes consisting the wall. But in COMSOL program the deformations were within 
the range (0-0.001)cm. 
    It was clear that the values duffer from the model to the actual case.  
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6.5 Recommendations and future research : 
6.5.1 Recommendations 
    According to the results discussed previously, it was recommended to spend more 
research  in gabion structure field. The research proved  that modeling described the actual 
physical models with acceptable difference.  
6.5.2 Future Research 
    The following suggestion were drown out to be guide lines for future research  
 The using of new software that could be able to analyze the facility fully by low 
requirements , such as memory. 
 Increasing the number of samples used in the presentation of the results, because 
when use more than one sample by different maximum aggregate size the samples 
would be more representative of the behavior of the facility and uses in nature. 
 Examine the possibility of using gabions structures  in the construction of 
multistory buildings. 
 The possibility of using new filling material with different properties to be capable 
of withstanding the loads. 
 Determine the possibility of roofing with different types.  
6.6 Research Limitations  
    The result obtained from the model showed different values from the actual physical 
model. The may due to one of the following: 
 The inclusing Steel bar from was out analyzed to the COMSOL program. This 
smaller size when applied to the whole model caused out of memory problem. 
 Approximations were made in selecting  material type. The values were modified to 
best reflect the case. 
 The gabion wall model was used instead of the whole large number of elements. 
 In laboratory testing, many samples were use with different maximum aggregate 
size and the upper surface was covered with rubber to distribute the load. The 
results of one sample were used in comparison. 
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